1. Introduction {#sec1}
===============

Nowadays, the main energy resource consumed by the economic and social development sectors of all countries in the world is petroleum, but petroleum is nonrenewable energy, and the proven reserves are limited. Due to the very limited proven reserves of petroleum, the present energy consumption structure will probably cause a worldwide energy crisis in the future.^[@ref1]^ Therefore, clean and green energy has attracted the world's attention. China's regional development of the new energy is uneven.^[@ref2]^ Traditional fuel vehicles not only consume much petroleum, but also pollute the environment severely, through greenhouse gas emissions, which has caused global warming and posed a threat to the welfare of human beings.^[@ref3]^ As new energy technologies boom all across the world, the new energy vehicle (NEV) sector has developed greatly and it could be seen that there is a trend for NEV to replace the traditional fuel vehicles.^[@ref4]^ Some European countries, such as Norway and Germany, have drawn up a schedule to phase out traditional fuel vehicles.^[@ref5]^ China shows similar interest in the NEVs during the transition from high-speed growth to medium-to-high speed of growth and finally to medium-to-high level of development. This forces the automobile industry to produce vehicles that are greener and smarter. Intelligent manufacturing (IM) is the focus of the Made in China 2025 plan, and NEVs, especially the connected and smart vehicles, are listed as one of the top 10 industries to be supported by the authorities.^[@ref6]^ Along with a new round of scientific and technological revolutions and industrial changes, industrial internet, artificial intelligence, and 5G technologies have been gradually popularized. As a booming industry, the NEV sector should utilize the new-generation information technologies to accelerate industry upgradation and IM.

Studies on the NEVs started earlier in foreign countries, and foreign scholars have done more in-depth research on the development of NEVs. Kinoshita reported that the U.S. Department of Energy began to fund electric vehicles as early as 1993, providing financial support for the research on advanced rechargeable batteries and fuel cells.^[@ref7]^ Kimble et al. believed that the top priority for emerging commercial formats represented by NEVs is innovation, and more attention should be paid to technological innovation to improve the level of intelligence.^[@ref8]^ Åhman believed that the government played an essential role in developing alternative fuel vehicles.^[@ref9]^ Hermans proposed that the NEV intelligent transportation system had made progress as a result of the development of NEV IM, and it is important to improve the level of intelligence to ensure market competitiveness.^[@ref10]^ Tabor believed that a high level of IM could shorten the transformation cycle of new energy vehicles and reduce initial cost.^[@ref11]^ Kassen et al. proposed that the electric vehicle market would grow by 40% year-on-year in 2018.^[@ref12]^ Only with independent research and development, safe and reliable manufacturing to produce traction motors and other core components can have the core competitiveness of IM.^[@ref13]^

Chengpeng believed that the Made in China 2025 plan had made it clear that the development strategy of China's NEVs was to vigorously develop pure electric vehicles and fuel cell vehicles.^[@ref14]^ Peihong et al. divided the IM of automobiles into two parts: the IM process and the IM results and believed that the IM of automobiles was still in the initial stage.^[@ref15]^ He proposed that in the manufacturing process of NEVs, we should focus on the construction of key parts of the production lines and combine artificial intelligence and other modern technologies to make them intelligent, so as to promote the development of IM of NEVs.^[@ref16]^ Yufeng et al. analyzed the current situation of intelligent development of NEVs from three aspects of NEV components, vehicle, and vehicle networking system.^[@ref17]^ Mei believed that the lack of core technology and weak independent R&D capability were the bottlenecks restricting the development of China's NEVs to a high level.^[@ref18]^ Under the background of transformation and upgradation of the automobile industry in the new era, the development of NEV IM urgently needs relevant professional talents. Wang Bin pointed out that the automobile professional talents trained in China's colleges and universities were insufficient, the training positioning was conservative, and the training mode of automobile professional talents needed to be innovated.^[@ref19]^ Yang et al. found that China's "dual-credit system" policy was in the leading position in the world, which is of great significance to enhance the international competitiveness of China's NEV industry.^[@ref20]^

To sum up, the previous studies focused on three aspects: First, the current development of NEVs; second, the problems existing in the development of IM of NEVs; and third, the prediction of the development trend of intelligent NEVs. There are relatively few research studies on the influencing factors of the development ability of NEV IM. In this study, through the construction of the NEV IM development system, we put forward the hypotheses and establish the main influencing factor model of the NEV IM development. Based on the huge NEV market in China, the questionnaire data were collected, and the second-order structural equation model was used to test the hypotheses. It fills the gap in this research field. Empirical analysis has established the relationship between the influencing factors and the development ability of NEV IM. It has clarified the key influencing factors and influencing mechanism of the factors on the development ability of NEV IM and put forward reasonable suggestions for promoting the development of NEV IM.

2. Theory and Hypotheses {#sec2}
========================

2.1. Theoretical Background {#sec2.1}
---------------------------

With the supply side structural reform and industrial upgradation and development, IM has gradually become the development trend of the future manufacturing industry, which is also an important measure to enhance international competitiveness and to accelerate the transformation of China from a big manufacturing power to a strong manufacturing power. As the pillar industry of the national economy, the implementation of IM is an inevitable way to make the automobile industry bigger and stronger. Whether it is the modification of NEV products themselves, or the manufacturing and driving of NEV, it is easier to manufacture intelligent vehicles than traditional fuel vehicles. In the Guidelines for the Construction of National Intelligent Manufacturing Standard System (2018 Edition), a national Intelligent Manufacturing standard system has been established from three aspects of commonalities among the NEV enterprises, key technology, and industry application.^[@ref21]^ In this study, a NEV IM development capability system framework is constructed with reference to the national standard system, which provides theoretical support for empirical analysis, as shown in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}.

![Development capability system architecture of NEV IM.](ao0c01891_0001){#fig1}

According to the different organizational structure of production activities, the system layer divides the IM process of NEVs into different links, which are equipment layer, unit layer, workshop layer, enterprise layer, and collaborative layer. The equipment layer is the layer that uses various instruments and equipment to sense and operate the physical process in the IM process. The unit layer is used to process various internal information and monitor and control the physical process. The workshop layer mainly realizes the production management of the NEV IM workshop. The enterprise layer is oriented to the operation and management of the NEVs. At the collaborative layer, the internal and external information of the NEV IM enterprises is interconnected. The life cycle of NEVs includes R&D and design, production and manufacturing, logistics transfer, operation and sales, and product service. In the stage of R&D and design, the corresponding intelligent design technology is selected according to the characteristics of the NEVs to simulate and optimize the products. Production and manufacturing is the process of IM of NEVs that uses intelligent information, process means, and production methods. Logistics transfer is the process of transferring NEVs from the production place to the sales place in combination with the new-generation information technology. Operation and sales is to use the Internet, big data, and other ways to achieve NEV sales. Product service is based on cloud platform, big data, 5G, and so on to realize remote, personalized, customized services, etc. Intelligent features are based on 5G, artificial intelligence, and other new-generation information technologies. IM of NEVs is mainly reflected in five aspects: resource elements, interconnection, merger and sharing, system integration, and emerging cultural formats. Resource elements are the necessary intelligent workshop and digital model for the production of NEVs. Interconnection is to use the modern communication technology in the terminal, production, control, management, and other links to achieve information exchange. Merger and sharing is based on big data, cloud platform, and other collaborative analysis of information under the premise of interconnection. System integration is to integrate multiple intelligent modules such as production line and digital workshop into the whole IM of NEVs. The emerging industry is the value chain integration of NEVs in the environment of industrial upgradation.

The innovation and contribution of this study are based on: the national intelligent manufacturing standard system, the established development capability system architecture of NEV IM, and the influencing factor model of NEV IM development capability. The first step is to study all kinds of IM application systems, extract their common and abstract features, and build a three-dimensional IM system architecture composed of a system layer, a life cycle and an intelligent feature, so as to clarify the intelligent manufacturing object and boundary. The second step is based on the in-depth analysis of the standardization requirements and the integration of the NEV IM development ability as the dependent variable, external environment factors, commonalities among the NEV enterprises, and industry progress as independent variables. The third step is to decompose and refine the NEV IM standard architecture, refine the items that affect each variable, and build the influencing factor model of new energy vehicle intelligent manufacturing development capability ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}).

![Influencing factor model of the NEV IM development capability.](ao0c01891_0002){#fig2}

According to the characteristics of NEV IM across industries, fields, and specialties, this study constructs an IM standard system that meets the development needs of the NEV industry and promotes the overall improvement of the development capability of NEV IM. Accelerating the promotion of intelligent manufacturing is an important area of focus to accelerate the deep integration of industrialization and informatization of NEV manufacturing enterprises and promote the supply side structural reform of the NEV manufacturing industry, which is of great significance to reshape the new competitive advantages of the NEV manufacturing enterprises.

2.2. Hypotheses {#sec2.2}
---------------

Through sorting out the system architecture of NEV IM development capability, on the basis of previous research, this study considered many factors that may affect the development ability of new energy vehicle intelligent manufacturing and puts forward three hypotheses: external environment factors, commonalities among the NEV enterprises, and industry progress. Further study of the influence of various factors on the development ability of NEV IM is required.

### 2.2.1. External Environment Factors {#sec2.2.1}

As a new industry, NEVs need government support to develop smoothly. Many countries have introduced relevant policies to promote reform of the automobile industry, such as tax relief, car purchase subsidies, and research and development subsidies.^[@ref20]^ Germany has done the best in this regard followed by China, the United States, and Japan.^[@ref22]^ Policy and market integration is essential for the NEV industry, and the NEV market should be more inclusive, so as to create a healthy development environment.^[@ref23]^ Many countries are adopting different strategies to stimulate consumers' acceptance of NEVs, and the demand for NEVs in China has shown a sharp growth trend in recent years.^[@ref24]^ The development of NEVs has become China's national strategy. The competition and substitution between NEVs and traditional fuel vehicles are affecting the reconstruction of the automobile industry pattern.^[@ref25]^

To sum up, in terms of external environment factors, national policy orientation, product market demand, and industry competition pressure are selected as the influencing factors, and the following assumptions are proposed:

H1: The external environment factors have a direct positive impact on the development ability of IM of NEVs;

H2: The external environment factors have a direct and positive impact on the development of the NEV industry and indirectly affect the development ability of NEV IM.

### 2.2.2. Commonalities among the NEV Enterprises {#sec2.2.2}

IM plays an important role in the industrial revolution 4.0 and is widely used in various fields and promotes the development of the industrial revolution.^[@ref26]^ The development of IM of NEVs can reduce production costs, meet user needs, and save energy and environmental protection. However, there is no perfect legal system to ensure the safety of IM of vehicles at the same time.^[@ref15]^ IM needs an open and safe platform and should be on-demand service-oriented, but there are also processing challenges and cross domain problems such as reliability, availability, and adaptability.^[@ref27]^ The sustainable development ability of IM enterprises determines the vitality of enterprises, and the survival and growth of enterprises is affected by enterprise leaders, enterprise institutions, and external environment factors.^[@ref28]^ The IM enterprises need to have good organizational management ability to deal with unknown risks and maintain competitive advantages in a complex environment.^[@ref29]^

To sum up, in terms of commonalities among the NEV enterprises, the development security, reliability, and stability of IM are selected as the influencing factors, and the following assumptions are proposed:

H3: Commonalities among the NEV enterprises have a direct positive impact on the development ability of IM of NEVs;

H4: Commonalities among the NEV enterprises have a direct and positive impact on the development of NEV industry and indirectly affect the development ability of NEV IM.

### 2.2.3. Industry Progress {#sec2.2.3}

Under the promotion of the Energy Saving and NEV Industry Development plan (2012--2020), the Made in China 2025 plan, and other policies, the IM of NEVs has also ushered in various advantages, and the development prospect of the industry is worth looking forward to. The Internet of things and artificial intelligence gave birth to an intelligent chemical plant, promoted the innovation of IM technology, and improved the efficiency of production and manufacturing,^[@ref30]^ and the NEV manufacturing enterprises have also realized the intelligent production workshop.^[@ref31]^ The R&D personnel of NEVs often face the pressure of reducing the development cost and time, which requires the help of powerful computer-aided designs.^[@ref32]^ IM plays an important role in mass customization and efficient production,^[@ref26]^ and this is also the future development trend of manufacturing enterprises.^[@ref33]^ The development of NEVs is based on technological innovation. Technological R&D is the source of innovation and the fundamental driving force of enterprise competitiveness.^[@ref34]^ The success of the enterprise benefits from good management. In the era of industry 4.0, the whole process of manufacturing system is optimized with a new digital scheme, and lean management of the production system is implemented.^[@ref35]^

To sum up, in terms of industry progress, the IM plant, intelligent product design, IM process, intelligent technology innovation, and intelligent production management are selected as the influencing factors, and the following assumption is proposed:

H5: The development of the industry has a direct positive impact on the development ability of IM of NEVs.

2.3. Research Design {#sec2.3}
--------------------

Based on the previous theories and assumptions, this study further refined the influencing factor model of the NEV IM development ability by consulting references and intuitively produced the scale of factors influencing the development ability of IM of NEVs, as shown in [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}.

###### Scale of Factors Influencing the Development Ability of IM of NEVs

  facets                                                                                                                           variable                                                                                       item
  -------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------
  external environment factors (EEF)                                                                                               national policy orientation (ZC)                                                               purchase NEVs and enjoy national and local policy subsidies (ZC1)
  exemption of vehicle and ship tax and purchase tax for the purchase of NEVs (ZC2)                                                                                                                                               
  NEV IM enterprises enjoy high-tech tax preference (ZC3)                                                                                                                                                                         
  unrestricted travel and purchase of NEVs (ZC4)                                                                                                                                                                                  
  product market demand (SC)                                                                                                       NEV product model diversity (SC1)                                                              
  NEV IM product portfolio relevance (SC2)                                                                                                                                                                                        
  intelligent degree of NEV products (SC3)                                                                                                                                                                                        
  industry competition pressure (JZ)                                                                                               competitive pressure of traditional fuel vehicles (JZ1)                                        
  competitive pressure of foreign enterprises and joint ventures (JZ2)                                                                                                                                                            
  improvement in the IM level of new energy automobile industry (JZ3)                                                                                                                                                             
  improvement in the cost control ability of IM of NEVs (JZ4)                                                                                                                                                                     
  commonalities among the NEV enterprises (CANE)                                                                                   IM development security (AQ)                                                                   IM information system and data security (AQ1)
  equipment functional safety for IM (AQ2)                                                                                                                                                                                        
  personnel safety in all links of IM (AQ3)                                                                                                                                                                                       
  IM development reliability (KK)                                                                                                  plan, organize, coordinate, and supervise the IM system (KK1)                                  
  guide and verify the IM system in terms of technical methods (KK2)                                                                                                                                                              
  effective detection of IM system and products (KK3)                                                                                                                                                                             
  IM development stability (WD)                                                                                                    establish an index system to evaluate the performance and results of IM implementation (WD1)   
  evaluation standard for maturity of IM capability (WD2)                                                                                                                                                                         
  implementation strategy of IM development and improvement of IM ability (WD3)                                                                                                                                                   
  industry progress (IP)                                                                                                           IM plant (GC)                                                                                  modeling and simulation for the overall design of the NEV manufacturing plant (GC1)
  digital management of the NEV manufacturing plant construction process (GC2)                                                                                                                                                    
  establish a big data management platform for the NEV IM industry (GC3)                                                                                                                                                          
  Intelligent product design (SJ)                                                                                                  digital design and simulation of NEVs with computer-aided tools (SJ1)                          
  establish PDM of an NEV product data management system (SJ2)                                                                                                                                                                    
  product life cycle management for NEVs (SJ3)                                                                                                                                                                                    
  IM process (LC)                                                                                                                  simulation of the NEV production process with computer-aided tools (LC1)                       
  automatic production line has been equipped with IM equipment such as industrial robots (LC2)                                                                                                                                   
  intelligent recognition and sensing are widely used in manufacturing (LC3)                                                                                                                                                      
  making full use of the human--computer interaction system for data and information processing in a manufacturing process (LC4)                                                                                                  
  intelligent technology innovation (JS)                                                                                           high proportion of R&D investment in the IM technology of NEVs (JS1)                           
  high proportion of innovative R&D personnel for the IM of NEVs (JS2)                                                                                                                                                            
  AI is widely used in innovative design, collaborative research, and development (JS3)                                                                                                                                           
  intelligent production management (GL)                                                                                           using an ERP system to optimize the resource management of the NEV IM enterprise (GL1)         
  establish an MES system to realize the whole process management of IM of NEVs (GL2)                                                                                                                                             
  using industrial big data, 5G, and cloud platform to provide intelligent decision-making for business management (GL3)                                                                                                          
  IM development ability (ZZ)                                                                                                      intelligent level of NEVs (ZZ1)                                                                
  IM of NEVs to reduce costs and increase efficiency (ZZ2)                                                                                                                                                                        
  shorten R & D cycle of NEV new products (ZZ3)                                                                                                                                                                                   
  enterprises can perceive the IM information of NEVs and optimize the precise implementation in time (ZZ4)                                                                                                                       

3. Computational Methods {#sec3}
========================

3.1. Basic Data {#sec3.1}
---------------

In this study, data were collected by questionnaire, and a Likert scale was used to design the questionnaire of the factors influencing the development ability of NEV IM. The Likert scale is a common questionnaire method, which usually has a 5-point scale, a 7-point scale, and a 10-point scale. Based on the scale method of Förster and Gopal in the field of automobile,^[@ref36],[@ref37]^ as well as the 10-point Likert scale of Dadamo,^[@ref38]^ the questionnaire is divided into 10 levels for each item, and 10 points is the highest and 1 point is the lowest. As one of the key points of China's industrial structure adjustment, NEVs undertake the task of upgrading from traditional industries to IM. The subjects of the questionnaire are mainly managers, technicians, and researchers in related fields of NEV manufacturing enterprises. A total of 600 questionnaires was sent out and 585 were recovered. After 57 invalid questionnaires were eliminated, 528 remained as valid questionnaires with an effective recovery rate of 88%.

3.2. Reliability and Validity Test {#sec3.2}
----------------------------------

The data collected through the questionnaire need to have enough reliability and validity to ensure the correctness and validity of the analysis results.^[@ref39]^ Therefore, before the empirical analysis, we first tested the reliability and validity of the questionnaire data.

The reliability analysis is mainly used to evaluate the stability or reliability of the questionnaire data. In this study, the Cronbach's α method is used to test the original data. According to the opinion of most scholars, it is generally considered that the Cronbach's α coefficient is acceptable when it is greater than 0.7. SPSS 22.0 software was used to analyze the reliability of the questionnaire data. The results are shown in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}. The overall Cronbach's α coefficients of external environment factors, commonalities among the NEV enterprises, industrial development, and IM development ability are 0.877, 0.952, 0.969, and 0.893, respectively. The Cronbach's α coefficients of variables are all within the acceptable range, and the Cronbach's α coefficients are not improved after an item is deleted, so data reliability is very good.

###### Reliability Test of Influencing Factors

  facets                                          variable   item    Cronbach's α   Cronbach's α of deleted item   
  ----------------------------------------------- ---------- ------- -------------- ------------------------------ -------
  external environment factors(EEF)               ZC         ZC1     0.877          0.791                          0.738
  ZC2                                             0.749                                                            
  ZC3                                             0.737                                                            
  ZC4                                             0.736                                                            
  SC                                              SC1        0.742   0.783                                         
  SC2                                             0.656                                                            
  SC3                                             0.634                                                            
  JZ                                              JZ1        0.846   0.815                                         
  JZ2                                             0.808                                                            
  JZ3                                             0.829                                                            
  JZ4                                             0.762                                                            
  commonalities among the NEV enterprises(CANE)   AQ         AQ1     0.952          0.868                          0.859
  AQ2                                             0.795                                                            
  AQ3                                             0.779                                                            
  KK                                              KK1        0.919   0.892                                         
  KK2                                             0.85                                                             
  KK3                                             0.905                                                            
  WD                                              WD1        0.896   0.827                                         
  WD2                                             0.829                                                            
  WD3                                             0.894                                                            
  industry progress(IP)                           GC         GC1     0.969          0.907                          0.905
  GC2                                             0.853                                                            
  GC3                                             0.828                                                            
  SJ                                              SJ1        0.88    0.82                                          
  SJ2                                             0.806                                                            
  SJ3                                             0.863                                                            
  LC                                              LC1        0.925   0.909                                         
  LC2                                             0.911                                                            
  LC3                                             0.881                                                            
  LC4                                             0.908                                                            
  JS                                              JS1        0.924   0.905                                         
  JS2                                             0.854                                                            
  JS3                                             0.909                                                            
  GL                                              GL1        0.908   0.811                                         
  GL2                                             0.85                                                             
  GL3                                             0.903                                                            
  IM development ability(IMDA)                    ZZ1        0.893   0.848                                         
  ZZ2                                             0.884                                                            
  ZZ3                                             0.857                                                            
  ZZ4                                             0.859                                                            

Validity analysis refers to the consistency between the results of the questionnaire and the content to be studied. In this study, the KMO test and the Bartlett spherical test were used to verify the validity of the data collected by the scale. Generally speaking, the validity is acceptable when the value of KMO is greater than 0.6. From the results of validity analysis shown in [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}, it can be seen that the KMO values of external environment factors, commonalities among the NEV enterprises, industry progress, and IM development ability are all above 0.8, and the validity is very good. The Sig. value corresponding to the Bartlett spherical test is 0, less than 0.05, which can be further analyzed.

###### Validity Test of Influencing Factor Variables

  variable   KMO     chi-square   df    sig.
  ---------- ------- ------------ ----- ------
  EEF        0.87    359.043      55    0
  ZC         0.676   43.476       36    0
  SC         0.651   50.478       48    0
  JZ         0.777   111.198      37    0
  CANE       0.931   511.771      76    0
  AQ         0.727   94.727       56    0
  KK         0.747   141.701      33    0
  WD         0.737   116.947      47    0
  IP         0.904   1138.674     120   0
  GC         0.731   130.49       35    0
  SJ         0.736   101.371      39    0
  LC         0.832   198.844      46    0
  JS         0.741   147.498      53    0
  GL         0.711   138.552      51    0
  IMDA       0.834   146.431      36    0

According to the needs of the research hypotheses, this study conducted a correlation analysis on IM development ability, external environmental factors, commonalities among the NEV enterprises, and industry progress, as shown in [Table [4](#tbl4){ref-type="other"}](#tbl4){ref-type="other"}. The results show that external environment factors, commonalities among the NEV enterprises, industry progress, and IM development ability have significant positive correlation. This proves the feasibility of the hypotheses to some extent. In order to further explore the relationship between variables, a second-order structural equation is used for testing.

###### Correlation Test of Influencing Factor Variables

  variable                                  1                                         2                                       3                                       4
  ----------------------------------------- ----------------------------------------- --------------------------------------- --------------------------------------- -------
  external environment factors              0.924                                                                                                                      
  commonalities among the NEV enterprises   0.892[c](#t4fn3){ref-type="table-fn"}     0.917                                                                            
  industry progress                         --0.099[a](#t4fn1){ref-type="table-fn"}   0.899[c](#t4fn3){ref-type="table-fn"}   0.927                                    
  IM development ability                    0.437[b](#t4fn2){ref-type="table-fn"}     0.677[b](#t4fn2){ref-type="table-fn"}   0.651[b](#t4fn2){ref-type="table-fn"}   0.818

Indicates significant correlation at 0.05 level.

Indicates significant correlation at 0.01 level.

Indicates significant correlation at 0.001 level, and the diagonal is the square root of AVE.

3.3. Confirmatory Factor Analysis {#sec3.3}
---------------------------------

In order to ensure the accuracy and efficiency of the analysis, before the structural equation model analysis of the factors affecting the development of IM of NEVs, the degree of fitting of each facet of the structural equation model is tested, and then the overall fit of the model is tested. Structural equation model checking can be divided into two parts: measurement model analysis and structural model analysis.

Generally speaking, the method of confirmatory factor analysis is used for the measurement model analysis. In this study, software Amos 25.0 is used for the confirmatory factor analysis, and the results are shown in [Table [5](#tbl5){ref-type="other"}](#tbl5){ref-type="other"}. The results show that the fitting index of each measurement model basically reaches the standard of the acceptable value.

###### Analysis Results of Structural Equation Measurement Model of Influencing Factors of NEVs

  fitting index                             CMIN/DF   RMSEA     GFI      AGFI     IFI      TLI      CFI      PNFI     PCFI
  ----------------------------------------- --------- --------- -------- -------- -------- -------- -------- -------- --------
  acceptable value                          \< 3      \< 0.05   \> 0.9   \> 0.9   \> 0.9   \> 0.9   \> 0.9   \> 0.5   \> 0.5
  external environment factors              1.968     0.023     0.926    0.920    0.905    0.939    0.918    0.590    0.656
  commonalities among the NEV enterprises   1.098     0.039     0.914    0.938    0.995    0.993    0.995    0.634    0.664
  industry progress                         2.015     0.026     0.965    0.960    0.917    0.892    0.916    0.665    0.717
  IM development ability                    0.662     0.016     0.990    0.952    0.991    0.974    0.914    0.633    0.653

Generally speaking, a path analysis is used in the structural model analysis, which is verified by the load value of each path factor. The standardized factor load results are shown in [Table [6](#tbl6){ref-type="other"}](#tbl6){ref-type="other"}. The structural equation model is based on data driving, and there is no uniform standard for the critical value of the factor load. This study refers to the view of the structural equation model and its application, and a factor load above 0.45 can be accepted.^[@ref40]^ It can be seen from [Table [6](#tbl6){ref-type="other"}](#tbl6){ref-type="other"} that the load of each facet factor is far greater than 0.45, and the fitting degree of the model is good.

###### Structural Equation Model Factor Load of Influencing Factors

  facets   variable   factor loads   item   factor loads   facets   variable   factor loads   item   factor loads
  -------- ---------- -------------- ------ -------------- -------- ---------- -------------- ------ --------------
  EEF      ZC         0.59           ZC1    0.65           IP       GC         0.84           GC1    0.80
  ZC2      0.69       GC2            0.82                                                            
  ZC3      0.72       GC3            0.91                                                            
  ZC4      0.74       SJ             0.96   SJ1            0.84                                      
  SC       0.89       SC1            0.58   SJ2            0.89                                      
  SC2      0.87       SJ3            0.80                                                            
  SC3      0.72       LC             1.00   LC1            0.87                                      
  JZ       1.00       JZ1            0.76   LC2            0.90                                      
  JZ2      0.76       LC3            0..9                                                            
  JZ3      0.71       LC4            0.87                                                            
  JZ4      0.86       JS             0.86   JS1            0.86                                      
  CANE     AQ         0.91           AQ1    0.78           JS2      0.96                             
  AQ2      0.83       JS3            0.87                                                            
  AQ3      0.89       GL             0.87   GL1            0.94                                      
  KK       1.00       KK1            0.88   GL2            0.91                                      
  KK2      0.93       GL3            0.79                                                            
  KK3      0.87       IMDA           ZZ     1.00           ZZ1      0.79                             
  WD       0.95       WD1            0.89   ZZ2            0.71                                      
  WD2      0.87       ZZ3            0.82                                                            
  WD3      0.83       ZZ4            0.81                                                            

3.4. Overall Test of the Structural Equation Model {#sec3.4}
--------------------------------------------------

After testing, the questionnaire data have good reliability and validity, and the confirmatory factor analysis of each facet model shows convergence state, which can further test the overall fit of the structural equation model. Software Amos 25.0 is used to test the structural equation model of the influencing factors of NEV IM development capability; the fitting index of the first validation measurement model is shown in [Table [7](#tbl7){ref-type="other"}](#tbl7){ref-type="other"}, and the analysis results of the structural model are shown in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}. The test results show that the fitting index of the measurement model does not fully meet the standard of the acceptable value. In the structural model analysis, the factor load coefficient of the three paths from external environment factors to industry progress, external environment factors to IM development capability, and commonalities among the NEV enterprises to industry progress is less than 0.45, which is not up to the standard of the acceptable value. According to the suggestion of software and the references, the structural equation model of the influencing factors on the development ability of the IM of NEVs is modified properly.

![Validation analysis results of structural model of influencing factors of IM development ability of NEVs.](ao0c01891_0003){#fig3}

###### Fitting Index of Measurement Model for Influencing Factors of IM Development Ability of NEVs

  fitting index                   CMIN/DF   RMSEA     GFI      AGFI     IFI      TLI     CFI      PNFI     PCFI
  ------------------------------- --------- --------- -------- -------- -------- ------- -------- -------- --------
  acceptable value                \< 3      \< 0.05   \> 0.9   \> 0.9   \> 0.9   \>0.9   \> 0.9   \> 0.5   \> 0.5
  model fitting results           2.131     0.053     0.842    0.846    0.837    0.803   0.825    0.544    0.670
  correction of fitting results   2.126     0.042     0.924    0.941    0.927    0.902   0.922    0.545    0.672

The factor load of the two paths from external environment factors to industry progress and from commonalities among the NEV enterprises to NEV IM development capability is far less than 0.45, indicating that the influence of variables is not significant. These two paths are deleted to modify the structural equation model under the original assumption, and then software Amos 25.0 is used to test the modified structural equation model of the influencing factors of NEV IM development capability. The fitting index of the measurement model and the analysis results of the structural model are shown in [Table [5](#tbl5){ref-type="other"}](#tbl5){ref-type="other"} and [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}, respectively. The fitting index and the factor load of the modified structural equation measurement model are all acceptable, and the fitting degree of the model is good.

![Structure model validation analysis results of factors influencing the development ability of IM of NEVs after modification.](ao0c01891_0004){#fig4}

4. Results and Discussion {#sec4}
=========================

The hypothesis test results of the factors influencing the development ability of IM of NEVs are summarized as follows:

H1: The external environment factors have a significant positive impact on the development ability of IM of NEVs (β = 0.463, p \< 0.01), and the original hypothesis is established;

H2: The external environment factors have no significant impact on the development of new energy automobile industry (β = −0.099, p = 0.152), and the original hypothesis is not true;

H3: Commonalities among the NEV enterprises have no significant impact on the development ability of NEV IM (β = 0.105, p = 0.677), and the original hypothesis is not true;

H4: Commonalities among the NEV enterprises have a significant positive impact on the development of the NEV industry and indirectly affect the development ability of NEV IM (β = 0.886, p \< 0.01), and the original hypothesis is established;

H5: Industry progress has a significant positive impact on the development of NEV IM (β = 0.695, p \< 0.01), and the original hypotheses is established.

Ever since the concept of IM was first established, scholars have worked greatly to develop the relevant theories. Yu et al. have put forward a five-layer system in which the IM is characterized by independent intelligent sensing, interconnection, collaboration, learning, analysis, decision-making, control, etc.^[@ref44]^ Based on the IM standard system set by the Guidelines for the Construction of National IM Standard System (2018 Edition),^[@ref21]^ this research creates a new analysis system for NEV IM, from three aspects of system level, life cycle, and intelligent characteristics.^[@ref41]^ The theory of enterprise development was formed in the 1960s, and the design school represented by the SWOT analysis model believes that the external environment factors play a decisive role in the development of enterprises.^[@ref42]^ The positioning school represented by the Porter's five force model suggests that the factors affecting the competitive state of enterprises include five aspects: competitors, potential entrants, substitutes, buyers, and suppliers.^[@ref43]^ This study fully considers the factors that may affect the development ability of NEV IM and puts forward relevant hypotheses, which are tested by empirical analysis.

Since China launched the 10 Cities and 1000 Vehicles plan in 2009, it has accelerated the commercialization process of NEVs.^[@ref44]^ In recent years, NEVs have occupied a leading position in China's automobile market and developed rapidly due to government subsidies, tax preferences, technical support, and other policy factors.^[@ref45]^ However, with the gradual weakening impact of policies, the sustainable development of NEVs will depend mainly on technological innovation and infrastructure improvement.^[@ref25]^ In the future, consumers' demand for NEVs will be technological and intelligent.^[@ref46]^ Internal competition in the industry will also result in the origin of demand, and the development of IM such as intelligent interconnection and automatic driving will become the commanding point of competition.^[@ref47]^ Therefore, affected by policy changes, the impact of external environment factors on the development of NEV industry is declining, and the impact on the development ability of NEV IM will continue to increase.

At present, China has become the largest market of NEVs, and the policy focus of the Chinese government has begun to change from industrial expansion to technological innovation.^[@ref48]^ Safety, reliability, and stability, as the basic elements of the development system of IM, are also the basis for evaluating the development level of IM of NEVs.^[@ref49]^ Keeping data information and IM equipment safe can ensure the safety of personnel in all links.^[@ref50]^ Based on advanced technology and methods to effectively detect products, a reliable IM system is established.^[@ref51]^ It has established a perfect index system and mature evaluation standards and has a stable development implementation strategy.^[@ref52]^ All of the above promote the development of new energy automobile industry to different degrees. The study shows that commonalities among the NEV enterprises directly promote the development of NEV industry and indirectly improve the development ability of NEV IM.

In other previous studies, Zhao et al. summarized the studies on the key technologies in the development of new energy automobile industry and briefly introduced the development objectives of related industries.^[@ref53]^ Gang pointed out that the emerging intelligent technologies lead the development direction of China's new energy automobile industry.^[@ref6]^ The intelligent development of the new energy automobile industry is reflected in the manufacturing plant, product design, manufacturing process, technological innovation, production management, and other aspects. Innovation drives the new energy automobile industry to move toward high-quality development. The study found that the industry progress has a positive impact on the development ability of IM of NEVs.

5. Conclusions and Implications {#sec5}
===============================

5.1. Conclusions {#sec5.1}
----------------

Based on the structural equation model, this study analyzes the main factors that influence the development ability of IM of NEVs. The empirical analysis indicates that the external environment factors and industry progress are the main factors affecting the development ability of NEV IM; commonalities among the NEV enterprises indirectly affect the development ability of NEV IM through industry progress. Among the three, the IP has the greatest impact on the development of NEV IM, not only a direct effect but also as a bridge to transmit the effect from commonalities among the NEV enterprises to NEV IM.

The external environment factors have a direct positive effect among which the impact of competition pressure is the largest, market demand is the second, and the national policy guidance is the least. Unlike the hypotheses, it is revealed that the external environment factors have no significant effect on the industry progress. After more than 10 years of rapid development, China's new energy automobile industry has reached a bottleneck period. The main challenge it is facing currently is how to boost innovation and intelligent development.

The industry progress has a direct positive effect on the development ability of IM of NEVs. The influencing factors sorted by impact from high to low are intelligent processing, intelligent designing, intelligent management, technology innovation, and intelligent equipment. The factor of industry progress spans the system level and life cycle dimensions of the NEV IM development capability system architecture. It not only meets the specific requirements of the industry, but also meets the common needs of the external environment factors and foundation. Promoting intelligent development has a very significant positive effect on the development ability of IM of NEVs.

The commonalities among the NEV enterprises have no significant direct effect on the development ability of NEV IM. However, the security, reliability, and stability of IM development are closely related to the industry progress. Therefore, it has a direct and positive effect on the industry progress and then indirectly affects the development ability of NEV IM.

5.2. Implications {#sec5.2}
-----------------

According to the empirical analysis results, this study makes some suggestions to promote the development of NEV IM from three aspects: government, industry, and enterprise:

Government: The authorities should provide preferential policies to promote the restructuring of the traditional vehicle industry and support the NEV enterprises' mergers and reorganization, as well as market competition. The original intention of stimulating the consumption of NEVs through subsidy policies has been basically achieved. It is a general trend to shift from policy-driven to market-oriented. Industrialization and informatization should be deeply integrated to make breakthroughs in NEV IM. The bottleneck of NEV development, such as battery size and endurance ability, needs to be solved as soon as possible. At present, all countries in the world are competing for the market of NEVs, so it is necessary to provide infrastructure for construction and promote the development of IM. In addition to technological innovation and upgradation, infrastructure for construction and improvement in supporting facilities are still the key to a better market prospect of NEVs. It is suggested that the infrastructure must be improved through strengthening the collaborative innovation of industrial chain, accelerating the upgradation of infrastructure, gradually completing the intelligent upgradation of production line based on the concept of green development, optimizing process management using big data and Internet thinking, and accelerating the construction of intelligent charging piles.

### 5.2.1. Industry {#sec5.2.1}

From the perspective of an industrial development situation, NEVs have passed the initial stage of development. High quality development is the general trend. The NEV industry should be transformed from quantity to quality. At present, there are obvious low-end overcapacity and low-end capacity problems in the NEV industry. It is suggested that the NEV industry should be rational, pay attention to quality, and speed up the shift to high-quality development. First, rational investment is required, from attracting investment to strengthening competition. Second, attention should be paid to research and development to improve the intelligence, safety, and reliability of the products. The third is to speed up the supplement of short boards such as smart chips and controllers.

### 5.2.2. Enterprise {#sec5.2.2}

At present, the threshold of government subsidies is constantly increasing, and the indicators of existing policies are also inclined to intelligence, safety, and reliability. It is suggested that the NEV manufacturers should review the situation and adjust their development strategies. First, close attention should be paid to the technical indicators and adjustment trend of the current policy system. Second, they should aim at the market demand, the cutting-edge technology, and the product layout after the withdrawal of subsidies in advance. Third, they should do a good job in fund guarantee, strengthen the coordinated development of the industrial chain, and establish a risk-sharing mechanism for the industrial chain.
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